ABSTRACT. A new fern species from the Philippines, Haplopteris mindanaoensis S.Linds. & C.W.Chen, is described and illustrated based on the results of detailed morphological comparison and molecular phylogenetic analysis. Morphologically, Haplopteris mindanaoensis is characterised by having obovoid (rather than funnel-shaped) soral paraphyses and deep soral grooves with asymmetrical flaps. Analysis of a combined four gene (chlL, matK, ndhF, and trnL-F) plastid data set shows that: (1) the two included samples of Haplopteris mindanaoensis have the same distinct haplotype; (2) Haplopteris mindanaoensis diverges early within the clade where most species with marginal soral grooves are placed; and (3) Haplopteris heterophylla
Introduction
Haplopteris C.Presl (Pteridaceae subfamily Vittarioideae) is a paleotropical fern genus, estimated to include some 40 species (Schuettpelz et al., 2016) mostly found in Malesia (Lindsay, 2003) . While preparing a taxonomic revision of the Malesian species, the second author noticed two unusual collections from Mindanao in the Philippines (Elmer 11361 and 11477, both collected on Mt. Apo in 1909) that he suspected were of an undescribed species. The soral grooves of these specimens are notable due to their depth and asymmetrical construction (the upper flaps, formed by the adaxial surface of the frond, are conspicuously wider (and inconspicuously thicker) than the lower flaps). Moreover, although the soral paraphyses of both specimens are immature, they are clearly not funnel-shaped as they are in most other species in this genus. Both specimens were originally identified by Copeland (1910) as Vittaria amboinensis Fée (now Haplopteris amboinensis (Fée) X.C.Zhang), a name that has been misapplied to several Asian species (Chen et al., 2017) , and were later but wrongly redetermined by him (Copeland, 1960) as Vittaria ensiformis Sw. (now Haplopteris ensiformis (Sw.) E.H.Crane).
The acquisition in 2012 of new material from Mt. Apo (Kuo 2542) and Mt. Kitanglad (Kuo 3659) that is morphologically consistent with the Elmer collections gave us the opportunity and impetus to clarify the taxonomic status of this unusual fern. We, therefore, conducted a detailed morphological comparison to material of both Haplopteris amboinensis and H. ensiformis and investigated phylogenetic relationships using four plastid DNA regions.
While surveying the usage of the name Haplopteris (or Vittaria) amboinensis in Asia, Chen et al. (2017) concluded that most previous records of Haplopteris amboinensis (or Vittaria amboinensis) from China and Indochina were based on the misapplication of these names and that a combination in Haplopteris for Vittaria ensata Christ was instead required. Our detailed study of Haplopteris amboinensis, including type material, also allowed us to further investigate whether Chen et al. (2017) were correct to suggest that Vittaria ensata should be applied to the Chinese and Indochinese material and whether the combination in Haplopteris, therefore, needs to be made.
Materials and methods

Specimens of
Haplopteris amboinensis, H. ensiformis and the potentially new species from Mindanao deposited at GH, K, KYO, L, M, RB, SING, TAIF, and UC (herbarium abbreviations and acronyms follow Index Herbariorum (Thiers [continuously updated])) were examined and details of their morphology recorded. Soral paraphyses and scales from rhizome apices were transferred to slides and photographed under a light microscope (Leica, DMR, Wetzlar, Germany) with a digital camera (EOS 7D, Canon, Tokyo, Japan). Frond fragments and spores were transferred to aluminum stubs, coated with gold, and examined with a tabletop scanning electron microscope (TM-3000, Hitachi, Ibaraki, Japan). For representative specimens, the sizes (length of equatorial axes) of 30 selected spores and the thickness of 30 rhizome scale cell walls were measured. Additionally, five intact sporangia were examined under a stereo microscope (Leica, MZ6, Wetzlar, Germany) to count the number of spores per sporangium.
The total DNA of the two new collections (Kuo 2542 and Kuo 3659) was extracted from silica-dried leaf fragments using DNeasy Plant Mini Kit (Qiagen, Hilden, Germany). In order to combine our data with previously published sequences (Chen et al., 2017) , four plastid DNA regions (chlL, matK, ndhF, and trnL-F) were chosen for amplification and sequencing. PCR amplification and sequencing were performed following Chen et al. (2017) . The newly generated sequences (40, in total) were deposited in GenBank (Appendix). We constructed a data matrix including all the congeneric species that had sequences of all four regions available in GenBank. The final data matrix contained 32 Haplopteris species. Three Antrophyum Kaulf. species were selected as the outgroup based on a published phylogeny (Schuettpelz et al., 2016) .
The matrices for each region were aligned with AliView v1.18 (Larsson, 2014) and ambiguous areas were excluded. The loci were concatenated into a master alignment with SequenceMatrix v1.8 (Vaidya et al., 2011) because there were no wellsupported conflicts between the single-marker phylogenies in our preliminary analyses. From this alignment, we inferred the optimal partitioning and substitution model scheme using PartitionFinder v2.1.1 (Lanfear et al., 2017) . Phylogenetic analyses were performed under maximum likelihood (ML) with Garli v2.01 (Zwickl, 2006) , using the PartitionFinder-derived partitioning scheme and substitution models. The search for the best tree was run 10 times, each from an independent random-addition sequence starting tree. Support was assessed by 500 bootstrap pseudoreplicates, also in Garli, under the same settings, but with each tree search performed from a single random-addition starting tree.
Results
The results of the morphological comparison of Haplopteris amboinensis, H. ensiformis, and the potentially new species from Mindanao are presented in Table 1 and Fig. 1 . All three species have linear sori immersed in marginal grooves but the grooves of the potentially new species are much deeper than those of Haplopteris amboinensis and H. ensiformis, it has obovoid rather than funnel-shaped soral paraphyses, and it has narrower rhizome scales (Table 1) .
A detailed examination of the morphology of the type specimen of Haplopteris amboinensis and comparisons to material identified as this species from China and Indochina confirmed the conclusions of Chen et al. (2017) that this name has been misapplied and that the material from China and Indochina instead corresponds to the type of Vittaria ensata.
The final concatenated dataset comprises 4005 aligned sites (880, 1038, 1218, and 870 from chlL, matK, ndhF, and trnL-F, respectively), with 8.5% missing data (2.8% gaps and 5.7% uncertain character states). The optimal partitioning scheme, as inferred by PartitionFinder, with 142 free substitution parameters, is presented in Table 2 . The ML phylogeny based on the concatenated dataset is presented in Fig.  2 . It is generally congruent with previously published phylogenies of Haplopteris (Schuettpelz et al., 2016; Chen et al., 2017 another Haplopteris (sp. 2) from the Philippines. These three species form an earlydiverging lineage within the clade where most species with marginal soral grooves are placed (Fig. 2) .
Discussion
The specimens of the potentially new species from Mindanao are morphologically distinguishable from both Haplopteris amboinensis and H. ensiformis (Table 1 and Fig.  1) . Furthermore, the phylogenetic analysis resolved our two samples (Kuo 2542 and 3659) in a unique position that is well-separated from other Haplopteris species (Fig.  2) , providing support for its systematic uniqueness. As a result, we here describe the specimens from Mindanao as a new species, Haplopteris mindanaoensis S.Linds. & C.W.Chen. The obovoid paraphyses of this species are very diagnostic (funnel-shaped paraphyses are the norm in Haplopteris) and, as far as we know, similarly-shaped ones are only found in one other congeneric species, H. heterophylla C.W.Chen, Y.H.Chang & Yea C.Liu (Chen et al., 2013) . Haplopteris heterophylla, however, differs from H. mindanaoensis by having sori in abaxial (rather than marginal) grooves. Haplopteris mindanaoensis is phylogenetically quite distant from H. heterophylla despite sharing the character of obovoid paraphyses, revealing yet another case of homoplasy in the genus.
By comparing the illustrations in the protologue of Haplopteris amboinensis, Chen et al. (2017) concluded that most previous records of H. amboinensis from China and Indochina are misapplied and that the name Vittaria ensata Christ should be used instead. Our additional observations, which, crucially, included examination of type Table 2 . Optimal partitioning scheme and corresponding models for phylogenetic analysis. specimens, support the conclusions of Chen et al. (2017) . Haplopteris amboinensis and Vittaria ensata can be easily distinguished by the character of soral position.
Subset
Best model
Haplopteris amboinensis has soral lines totally immersed in marginal grooves whereas Vittaria ensata has submarginal soral lines that are slightly covered by reflexed frond margins. Vittaria ensata requires a combination in Haplopteris which is provided here.
New species
Haplopteris mindanaoensis S. Epiphytic. Rhizome short-creeping, densely covered by scales, 2-3 mm diameter with scales, 0.5-1 mm diameter with scales removed; rhizome scales clathrate, linearlanceolate, 1-4 mm long, 0.2-0.5 mm wide at the base tapering to a long, hair-like apex, reddish-brown, the margins minutely and sparsely toothed. Fronds clustered, sessile, flat for their entire length; laminae linear, 5-20 cm long, 2-3(-4.7) mm wide, widest above the middle, narrowed gradually towards both ends, c. 1 mm wide at the base, acute at apex, thin, papyraceous, glabrous throughout. Venation obscure without transmitted light, the midvein branched into three almost parallel main veins (midvein and two lateral veins) near the frond base, very sparse oblique lateral veins present, finer than the three main veins, main veins not reuniting at the frond apex. Soral lines mostly inframedial (i.e. slightly closer to the midvein than to the margin) or medial, occasionally supramedial (slightly closer to the margin than the midvein), very deeply immersed in marginal grooves, following the two main lateral veins, usually not extending to the frond apex (apical 0.6-2 cm usually sterile) and never to the fond base (basal 3-8.5 cm usually sterile); flaps of marginal grooves asymmetric, adaxial flaps 0.1-0.5 mm wider and c. 2× thicker than abaxial flaps. Sporangia glabrous, stalks short. Paraphyses uniseriate, 3-7 cells long, terminal cells obovoid, not funnelshaped, slightly longer than wide. Spores 64 per sporangium, monolete, oblong in outline, 53 ± 3.4 µm in length, surface smooth.
Distribution. Currently only known from Mindanao in the Philippines.
Ecology/Habitat. Epiphytic on mossy tree trunks at altitudes of 1300-2100 m (possibly to 2300 m -see note below). Note. There is some uncertainty over the collecting locality of Elmer 11361. The labels on the three duplicates give the collecting locality as Mt Apo, Mindanao, but do not give the altitude. Copeland (1910) Notes. Christ cited two collections for Vittaria ensata, Eberhardt 88 and 169. Therefore they are syntypes and a lectotypification is needed. The name Vittaria lauana Ching was published twice for the same taxon 14 years apart, the second therefore being an isonym. In the second paper Ching described another species with larger fronds and rhizome scales that he named Vittaria latifolia. Unfortunately, he overlooked the fact that that name had already been published by Benedict for another species (now Radiovittaria latifolia (Benedict) E.H.Crane) and so was unavailable. Wang rectified this problem by replacing the name Vittaria latifolia Ching nom. illeg. with Vittaria chingii B.S.Wang. We regard Vittaria lauana and Vittaria chingii as synonyms of Haplopteris ensata.
When publishing the name Vittaria latifolia, Ching designated Huang 31969 as the type in Mandarin but did not distinguish between the duplicates. Therefore, one of these is here designated as the lectotype. Appendix. Voucher information and GenBank accession numbers of the specimens used in the phylogenetic analysis. GenBank numbers in bold are those newly sequenced for this study. The combination marked * will be published shortly in another paper. 
